Abstract: Based on the rigorous Lamb wave propagation theory and Nyborg's and Bradley's theories on acoustic streaming, we present a model to calculate the acoustic field and the mass-transport velocity in the liquid layer which is loaded on the side of a Lamb-Wave Sensor. Numerical result agrees well with the existent experiment
INTRODUCTION
A promising application of Lamb-Wave Sensors(LWS) reported by Moroney et aLr" is to pump fluid and transport particles in a small scale system. Effective design of such a system requires a theory to predict the acoustic field and the streaming flow, i.e., mass-transport velocity in accurate. In this paper, a model that Lamb waves in an isotropic solid plate induce the acoustic field and the mass-transport in the contacting viscous liquid layer is presented. The calculated streaming velocity matches well with Moroney et al.'s experiment both in qualitative and quantitative.
THEORY
Consider an isotropic solid plate of thickness 2d bordered with a viscous liquid layer of thickness h on the top extends to infinity in both x and y directions. Harmonic waves propagate along the x direction (Fig. 1 ).
Assuming that 6 <<h (wave length), 6 <<h and both the normal and tangential components of the stress tensor of the liquid at z=d+h are zero, the waves in the plate and liquid have the forms'21:
(1) yL = B, .e -11,(7-d) .e 1(4-th,)
Here cp,, I+I,, (pL and v,, are the velocity potential functions of the plate and liquid, respectively. k is the wave number, q= Jk2 -lu* ,
in which k,, k, are the longitudinal and shear wave numbers of the solid, respectively, k, is the wave number of the liquid. m=(l+i)/6, where S=ds is the boundary layer thickness pL, p, each denotes the viscosity and density of the liquid, respectively.
Solutiohs of Eq.(l) should satisfy the boundary conditions that both the normal and tangential components of the stress tensor of the plate are zero at the free surface z==-d and equal to those of the liquid at interface z=d, respectively; both the normal and tangential components of the particle velocity are continuous at Fd. Thus the velocity components along x and z directions in liquid are derived as:
In the liquid, the time-averaged "Lagrangian velocity" or mass-transport U is written asr31:
where LQ is the "Eularian averaged velocity" and is determined by14! FLLV2LQ =v< pz >+po <(l+ .V)u,+u,(V.u,)>
(4)
In the current case, U, and U are mainly along the x direction and V < p2 >c 0, thus U, is calculated by: [The work is supported by the NSF of China.]
